le contrôle du délai dans le protocole OLSR by Naimi, Amina & Jacquet, Philippe
le controˆle du de´lai dans le protocole OLSR
Amina Naimi, Philippe Jacquet
To cite this version:
Amina Naimi, Philippe Jacquet. le controˆle du de´lai dans le protocole OLSR. [Rapport de
recherche] RR-4894, INRIA. 2003. <inria-00071688>
HAL Id: inria-00071688
https://hal.inria.fr/inria-00071688
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
IS
SN
 0
24
9-
63
99
 
 
 
 
 
 
 
IS
RN
 IN
RI
A/
RR
--4
89
4-
-F
R ap por t  

de  r ech er ch e 
THÈME 1
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Le Contrôle du Délai dans le Protocole OLSR
Amina Naimi Meraihi, Philippe Jacquet
N° 4894
Juillet 2003
Unité de recherche INRIA Rocquencourt
Domaine de Voluceau, Rocquencourt, BP 105, 78153 Le Chesnay Cedex (France)
Téléphone : +33 1 39 63 55 11 — Télécopie : +33 1 39 63 53 30
 
	ﬁﬀﬂﬃ !"#	$&%'(  *),+
-ﬃ.*/1032ﬂ425/1.*/7698;:<25/>=?/A@BC=/1D>/1EEF8HGI25J;KML8ON
P7QSRUT,V,WYX[Z\^]_V^`OacbdVef]_gc]heARUT,V^]
ikjAlnmhVefofpqikrsZutvYw
Zu`nxyx5lOj_euzcV#j_V<{|QyVUj|{|QyV~}I$OO,X OayVUeŁnO#XxS`OOV<]
ﬃ^?YŁ`O}S]ﬁ{UVdj|`nxyx5lOj_eﬁzcVdjAV^{|QSVUj|{|QyVOM}SlOaS]ﬁxyj_lxl;]l}S]Cay}TlczcR^VﬃxlayjﬁVﬃ]_ayxyx5lOj_ezya
zy\U`nzy`n}]ﬁVﬃxSj_lOe_lc{lVHvY$ cZ¡`£¢S}¤zcV]A`£eA]¥¦`njAVdV^]§V<]l}]
z©¨k`Oxyxy{^`£eAl}S]eAVUT,xS]ª>jA\UV^1«MV
}SlOay¬V^`na­xyjAlne_lc{UlOV
V<]he`nxSxV^\&fªhvY? cZC«©®3e|`n};ezclO}y}S\`¯zc°&{Uaye_\±zca²j_laceA`OOV,{l}eAjA`O};e#xS`nj
V­zy\U`n>F}ylaS]`³¬OlO}],¥´lc{U`n]\²zy`n}S]{Vµe_j|`³¬£`nŁ]_ayjﬃV­{^`n{ay#zca¶zy\U`n>«'·flOaS]`³¬Ol}S]±xyjA\^]_VU};eA\
¸
ayV^
¸
ayV<]#j_R^OV^]#x5VUj_e_}yVU};eAV^]zcVﬃ{U`n{aS3Ve
z©¨ V^]e_T&`£eAl}zyazy\U`n>«Ł`O}S]C`HzcVUjA}yRUjAV,xS`nj_e_VOMaS}
T,lczcR^V7xyaS]j|`£°&}y\`f\Ue_\xyjAlOx5l]_\7zy`n}S]?V
¸
ayV^cVuzc\^`OV^]eszcº¹I\UjAVU}{\'x`nj¬Ol]_}«ntFVUeeAVuzcVUjA}yRUjAV
{UlO}S]_zc\Uj|`£eAl}djA\Ux5lO}SzzcV#¥¦`O»UlO}xyaS]7V°±{U`{VC`naybd¬jA`O]7§5V^]_lO}S]z©¨ `nxyxS{U`ne_lO}ﬃe_VUT,xS]ª¼j_\^VU>«
½¾S¿<À|ÁOÂ¦ﬃŁ\U`n>crs]heAT&`ne_lO}¯ikjAl`O{e_¬OVyf]heAj_§yaceAl}HzcaŁ\U`n>SZ\<]V<`nacbÃzﬃofl{O5vY$ yZC«
 


	ﬀ 	ﬃ(  *),+ !"?#	?&%F
 ^¿
	yÁO¿O ŁayVHeAlﬂe_QSV T,ºeAV^z §S`O}Szze_Q `O}Sz¤e_QSVµzcg}S`nT,{e_lxllOglO¥#T,l§yVµ`z*QSl{
}SVe'lOj]^ceAQyV,vY? cZ>vŁxceAT,UV<z M}  ;eA`ne_VﬁZulOaceA}yxyjAlneAlc{lO'`]fzcV<]O}yV<z¯}­]aS{|Q `'`³g
`]±eAl`Ozy`OxcedeAl¤T,l§yehg `n}Sz¶} ¥¦`nayj_V<]UQyV­T,}yT,U}y ºe|]¯{lO};eAj_lfeAjA`n°&{­l£¬OV^j_QSV^`OzM«
vY? cZ¶{^`n}ﬃ§VCVUb;eAVU}SzyV^z&eAl&]ayxSxlje
¸
aS`nºehg&lO¥?]_VUjA¬{UVO«p¼eu]Qylayz±§5VYV
¸
ayxSxV<ze_QH`OzSzcºeAl}S`n
T,V<{|QS`n}y]_T,]'`n}z&T&`OVŁaS]_Vfln¥?zcg}S`nT,{uT,VeAj_{U]se_l]_`ne_]h¥´g&¬£`njAV^z±`Oxyxy{^`£e_lO}&jAV
¸
ayjAVUT,VU};eA]^«;pq}
eAQy]fxS`OxV^j^ﬀFV`nT e_l±VUb;eAVU}Sz²vY$ cZ"eAlﬃ]_ayxyx5lOj_eYzcV^`³g¯{l}S]e_j|`n}e¥´ljŁjAV^`OMeAT,V
`Oxyxy{^`£eAl}S]U«
 clOT,VCzcVU`³gd{l};e_jAlOI]A]_ayV^]`Oj_VC`OzSzcj_V<]_]_V^zﬃ`n}Sz]_lOace_lO}S]`Oj_V#xyjAlOx5l]_V^zM«
ﬁﬃﬂ IÀ!ﬁ¾"
#?O*fV^`³gcikj_l;`O{e_¬OVYrs]heAT&`ne_lO}MSŁVU`³gdŁ]e_jA§yace_lO}SÃzcQylc{#·uVUeFlj$c]^yvY? cZC«
 
	ﬀﬁ
ﬂﬃ! "#	$&%')(* ,+.- 
/ 0

	&ﬃ%s	$ﬀ
vŁ}±V^};e_VU}zdzcVŁxya]FV^}±xyaS]'xS`njAVUjFzS`n}S]FV<]sjA\^]_V^`Oacb&`Ozª¼Qylc{uzcVYxyjAlne_lc{UlOV^]szyV1 jAlOayeA`nVu`³¬OV<{
2
l 314 57684:9764 684 764WOW;6>M{UV
¸
ay3`n]_]_V
zy\^zcayjAV
¸
ayVV<]#xyjAlne_lc{UlOV^]ua]ayV^]#]_lO};eC]O}y\<]1`naµTVUayb31
¦§V<]he
V¹IlOj_e  «$rk}ﬂV¹IVe<$V^]xyj_lOe_lc{lV<]zcV&jAlOace|`nV±]_`O}S]Y¢S
¸
a¨ ]ﬁ]lV^}exSj_l;`O{ eAº¥¦]lOaﬂjA\^`O{e_¥¦]U
l};eFx5lOayj'¬Olc{U`ne_lO}±z©¨ \e|`n§yj'zcV<]sjAlOaye_V^]'`£¢}dz©¨ `O{|QyV^T}yV^jsV^]FxS`
¸
ayVUeA]"<VUayj|]FzyV^]e_}S`£eAl}S]keAlOace
V^}jA\^`n]A]A`n};eﬁ`nacbﬂ¬£`njA`£e_lO}]ﬁzcVde_lOx5lOlOVdVe&`nacbﬂjAayxce_aSj_V<]ﬁzcVVU}]U«w `n]
VU}`OaS{ay}*{U`O]
]
}SVdeAV^}y}yVU};e&{lTxye_V¯zcV^],]_x\<{¢{e_\<]zyV^]`nxyxy{U`£eAl}S]<­]A`³¬OljV^]§5V^]_lO}S]¬£`njA\<]VU}*§S`n}zcV^]
x`O]A]_`O}eAV^]^£lOa,VU}±zy\U`nS`OaT,lTV^};eFz©¨ \eA`O§yjs{UV^]3jAlOaye_V^]^«OŁVuxyaS]^O>¨ \UeA`£ekl§S`nzca&j_\<]V<`nacb
}M¨ V<]he
x`O]Fxyj_]'VU}{lOT,xceAVYzS`n}S]'VY{^`n{ay>«cﬁ¨ l>=ﬃ`
}ylOaS¬OVUVfO\^}y\Uj|`£eAl}dzcVYxyjAlne_lc{UlOV^]'zcVŁjAlOayeA`nVŁzce_V
1
2
l; ,jAlOaye_}y?1
¸
ay1cV^}ﬃxSaS]zyaﬃjAlOace|`nVŁxyjAlOxSj_V^TV^};e'zce^y¬VUVﬃ<`]_]_ayjAVUj'`
¸
aS`ne_\CzcV^]7jAlOaye_V^]
]_\UV^{e_lO}y}S\UV^]^«Irk}²xyjA`ne_
¸
ayVOIay}
2
l;  j_lace_}y¯]V
e_j|`OzcaSºeCxS`OjY>¨ };e_jAlczcaS{e_lO}­zyVx`nj|`nT,ReAj_V<]ŁzcV
2
l `Oa*{U`O{UayQS`O§yºeAayVUuzyVjAlOaye_Vxlayj,j_\^xl}SzcjAV`OaT,V^acb*`Oacb§5V^]_lO}S],zcV^]aceA]A`£eAVUayj|],Ve
]^¨ `Ozy`Oxce_V^ju`nacbd¬£`Oj_`£eAl}S]zcV#e_j|`£¢5{n«yrk}y¢S}MS}SlOaS]x5VU}]l}S]
¸
aM¨ lO}xV^acefj|`nxyxyjAlc{|QyVUj<`,}Slne_lO}HzcV
jAlOayeA`nVﬁ`³¬OV<{
2
l H`³¬OV<{`±}ylOe_lO}­zyV
jAlOace|`nV
zcg}S`OT
¸
ayV,]x5\^{Uº¢
¸
ayV,`naµTl}SzcV
¢S`nj_V«Ipq?V<]he
§5lO},zcVj|`nxyx5VUVUj
¸
ayV7>¨ a]_`OOV7zcV`#zce_V@1T,\e_jA
¸
aSV7zyg;}`nT,
¸
ayV.1F\eA`Oºe3};e_jAlzyayºekV^},xyj_V^T,V^jzS`n}S]
V^]7`O}y}y\UV<]A9ny;T&`n]Mmhay\ŁxSj_\<{lc{VY{U`nj'}yVŁe_jAlOay¬£`Oºe7xS`O]'zcV#zclOT&`O}yV<]FzM¨ `Oxyxy{^`£e_lO}{l};¬VU}S`O§yV^]^
zya `Oacb{U`OxS`O{UºeA\^],T,e_\^V^]&zcV<]&j_\<]V<`nacbzyV>¨ \Ux5l
¸
ayV«sk¨ aS]A`nVzcV¯`²T\Ue_jA
¸
ayV ]eA`ne_
¸
ayV¯\eA`Oºe
`OljA]?Vu]V^ayS{UlOT,xyjAlOT,]VUes{VuzcaSjA`O}e3V^]sYzcV^j_}SR^j_V<]3zc\^{UVU}y}yV^]^«OŁR^]3lOj|]
¸
ayVV^]jA\^]_V^`nayb
]l};eB<
Q`naceAV#{^`nxS`{e_\;V^]zyVUT&`n}SzyV^]zcV#`OjA`O};e_VYzcV
2
l ±]_lO};euzc\^]_lOjAT&`n]s\UºeAT,V^]^
¸
ayV{VC]_lOe7zS`n}S]
aS}µjA\^]_V^`na¯¢`OjAVﬁlaµ]_`O}S]f¢S1«©Ã 1¨ QyV^ayj_V`O{e_ayV^VO5`ﬃT,\eAj_
¸
ayVﬁ`±xyaS]Y\eAaSzc\UV,zy`n}]fV
jAlOayeA`nV
`zµQSl{V<]heC`ﬃ§`n}SzcV,xS`]_]A`n};eAV<¯{U`OaS]_VzcV<]{U`OxS`O{UºeA\UV<]ŁTe_\^V^]CzcV<]#j_\<]V<`nacbµ]A`n}]Y¢S1«MV&zc\U`n
jAV^]e_V±e_jAR^]
xV^a\eAaSzc\ﬃ{^`nj
zy\hmC<²]ac°±]A`nT,T,VU};eﬁxyjAlO§S\^T,`ne_
¸
ayVﬃzy`O}S]V^]
jA\^]_V^`nayb­¢S`njAV^]^«$Y`n}S]
{UV
j|`nxSxlje<}ylaS]YxyjA\^]_VU};e_l}S]faS}yV,Vbe_V^}S]lO}²zcaµxSj_lOe_lc{lV&vY$ cZ `³¬OV^{ﬁ`ﬃxyjA]_VVU}­{UlOT,xceAV,zya
zy\U`n>I`Oxyx5VU\UV,uªvY$ cZ«
2
ayVU
¸
ayV^]YxyjAlO§yRUT,V<]f\<]C`na²{U`n{aSzya²zc\^`O3]V^j_l}e#`n}S`Ogc]_\^]^VUezcV^]
]_lOaceAl}S]]l};e7xSj_lxl;]\^V^]^«
D
(  )&+ E²(GFﬃ	$ﬀH ﬀ;I' ﬀKJ )
	?#	$!"?C	$&%Fﬁ
vY? cZ >vŁxye_TUV<zﬂM}ﬂ ;eA`ne_VdZlace_}y#V^]eﬁay}xSj_lOe_lc{lV&zcV±jAlOayeA`nV&xyjAl`O{e_¥7]_lOaST]`Oa
j_layx5V w Ãf·frsP zcVµ>¨ pqrsPMLN4WO6¼«'pqfV^]e{UlO}S]_zc\UjA\ {lTT,V aS}yV lOxye_T]A`£e_lO} zyaxyj_lOe_lc{lVP<
\UeA`neCzyV^]CV^}S]Y¢S`nj_V,x5lOayjCV^]j_\<]V<`nacb T,lO§SV^]C`zµQylc{O«$ lO}²}y}yl£¬£`£eAl}­jA\^]_zyV,zS`n}S]C]A`±¥¦`»l}
zM¨ \<{lO}SlOT,]_VUj&V^]dj_V<]_]_lOaSjA{UV^]jA`zclﬂljA]&zcV<]dzc¹IaS]lO}]U«tFV^{fV^]edj_\<`n]_\¯Oj'QO{UVP<1¨ ace_]A`£eAl}
zya {lO}{VUxyefzcV^]fj_V^`O]7T
ayºeAx5lO};eA]Łzy`n}S]uV
¸
aSVU${|Q`
¸
ayVC}SRCaSzH{|QSlO]euay} ]_lOaS]ª>V^}S]_VUTﬁ§SVCzcV]_V^]
¬lO]}S]
¸
aM¨ ?`nxyx5VUVUj|`T1UwHisZ@1´TﬁaSºeAx5lO};efj_V^`O] 'x5lOayjujAVeAjA`O}S]_TVUeeAj_VC]_V^]xS`
¸
ayVe|]VU} {^`O]uzcV
zyº¹IaS]_l}M«krk} ]_V §S`]_`O}e±]_ayj±``ﬂzyº¹IaS]_l} ]_ayj±V^]dwHisZu]^keAlOaS]&V^]d}SRCaSzy]dzca j_\<]V<`na]l};e
`neeAVU}e|]`³¬OV<{fay}¯}ylTﬁ§yjAV#j_\<zcayefzcV#j_\^x\Ue_e_lO}S]^«
tFlTT,VdzS`n}S]CV&xS`OjA`zcT,VxSj_l;`O{ eAº¥h$zcV^]ﬁTV<]_]A`nV^]CzcV±{UlO};e_j#UOV,x\^j_lczc
¸
aSV^]zcl¬VU};eWVeAj_V
aye_]\<]±x5lOayjﬃV­T&`n}eAV^} zcV^]deA`O§yV^]dzyV j_laceA`OOVHVUezcV­¬OlO]_}S`OOV«kŁ`O}S]vY? cZzcV^acb*ehgx5V^]
zyVT,V^]A]_`OOV^]]_lO};ef};e_jAlczcayeA]WX,1ofVUlY1YVe1UPftﬃ1¦P$lOx5lOlOgtFlO};eAj_l «yi\UjAlczc
¸
ayVUT,VU};e<{|QS`
¸
aSV
}
RCaSz zc¹5a]V
lc{U`OV^T,VU};efay} T,V<]_]A`nVouVUlﬃ{l};e_VU}`n};eŁzcV<]f}c¥´lOjAT&`£eAl}S]u]_ayjY]_lO}H¬lO]}S`OOVCVe
>¨ \eA`nefzcV^]uVU}S]^«5tFV<{Mx5VUjAT,VeZ<,{|QS`
¸
aSVC}SRCaSz¯zcVCxyjAVU}Szyj_V{UlO}y}S`O]A]A`n}S{UVYzcV]_lO}¯¬lO]}S`nV!<,aS}
[[N\]S^;_O`'^
    Y@  	 
B     
 >%
;	
VUeszcVUayb]A`nace|]U«Os¨ V^}S]_VUTﬁ§SVwHisZ V<]hes`OljA]{UlO}S]e_jAayeszy`n}S]3{|Q`
¸
ayV7}SRCaSz,zcV7¥¦`»lO}<C{UlO};e_V^}yj3aS}
]_lOa]hª¼VU}S]_VUT
§yVszcV'¬OlO]_}S]<faS}
]A`nace
¸
aS{UlOay¬jAV3e_laS]?V<]¬lO]}S] <fzcV^acbﬁ]A`nace|]U«³Ã¢S}zcV7{lO}]heAj_ayjAV
V^]eA`O§yV^]?}y\^{UV^]A]_`OjAV^]$`najAlOayeA`nVszcV<]$x`
¸
ayVe|]U³{|QS`
¸
aSVs}SRCaSzﬁO\^}yRUjAVkx5\UjAlczc
¸
ayVUT,VU};eay}ﬁx`
¸
ayVe
Pft {l}eAVU}S`O};e'`]heAVzcVC]V<]7¬Ol]_}]F>¨ `³g`n};e7{|QylO]eu{lTT,VCwHisZ«SMV#T,V^]A]_`OOV#Pft V<]hefzc¹IaS]\
zS`n}S]s1¨ VU}S]_VUT
§yVŁzca±jA\^]_V^`OaM«; cVUay]sV^]F¬Ol]_}S]swHiFZj_V<zc¹5aS]_VU};e'ay}dxS`
¸
ayVeFPft*jAV^»Ua±x5lOayjF\U¬ºeAVUj
>¨ }yl}Szy`ne_lO}M«StFVe_e_V#eAV^{|Qy}y
¸
ayVYxyj_lT,VeeAVUaS]_V#j_\<zcayeu{lO}]zc\Uj|`n§SV^TV^};eF>¨ l£¬VUjAQyV^`z&O\^}y\UjA\Łx`nj7V
eAjA`n¢{'zcV'{UlO};e_j#UOVO«£Ã¤`fjA\^{UVUxceAl}
z©¨ ay}TV<]_]A`nVFPftŁ£`ue|`n§yVzcVFe_lOx5lOlOV'x5VUaceBVeAj_V7{l}S]e_jAayºeAVO«
7`]\,]aSjC`deA`O§yV±zyV
eAlOx5lOlOVI{|Q`
¸
ayV}SRCaSz­xV^aceﬁ{U`O{UayV^jC`deA`O§yV±zcV,j_laceA`OOV
¸
aysxV^j_T,Ve
zM¨ `{|QyVUT,}yVUj7V^]xS`
¸
ayVe|]7¬OVUj|]'}M¨ T,x5lOj_e_V
¸
ayVUV#zyV^]e_}S`£eAl}¯zS`n}S]7V#j_\<]V<`naM«

  Fﬃ¯ H  ﬀ %'%'ﬃ*ﬃﬃﬁﬀ
$`{UlO};e_j|`n};e_V,zcaﬂzc\U`n3V<]heCeAj_R<]YxV^a²\Ue_aSzy\^V±zy`n}S]#V&jAlOace|`nOV`Oz²Qylc{n©VUe
¸
aS`n}Szµe_V^3V^]eV
{^`O]^c`T,\eAQylczcVzcaH{U`O{Uay©jAV^]e_VC]aSxV^j¢{UV^VUT,V^}euzc\<{jAºeAVO«
 lay¬OV^};eV<]$`Oace_V^ayj|]MxyjAlOx5l]_VU};e$zcV<]`OxyxyjAl³bT&`£eAl}S]
¸
ay;xV^ay¬OV^}e]U¨ `³¬O\^j_V^j©}SVby`O{e_V^]^«^P$jAR^]Mj|`£ª
xSzcV^T,VU};e?zy`O}S]$}ylneAj_Vk\Ue_aSzyVF]_ayj$`xyjA]VFVU}ﬁ{UlOT,xce_V'zcaﬁzc\^`O;zS`n}S]vY$ cZC<}ylaS]\Ue_lO}S]${l}c¥´j_l};e_\^]
<ay}H{UVUj_eA`n}}ylOT
§yj_V#zcVCxyjAlO§SR^TV<]
¸
ayV#}ylOaS]`O}S`ngc]V^j_l}S]'zy`n}S]f{V
¸
ay]_ayºeWX
ﬀﬂﬁ ﬃ "!$#%!'&)(*+!,.-+/.#%!$01(243506#7!98+:;(<-+#/.=ﬂ#>:;(
P$lOace#{U`O{Uay?zyaµzc\U`n$§S`O]_\
]_ayjŁ`±]_TxSVzcº¹I\UjAVU}{VﬁV^};e_jAVVﬁe_V^Tx]ŁzcVzc\Ux`nj_eYzcV
`±]_lOaSjA{UV
VUeYV
e_VUT,xS]CzM¨ `Oj_jA¬\UV@<d`zcV<]heA}S`ne_lO}M©]_ayxyx5l]_V
¸
ayVV^]ŁQylOjAlOV<]f]_lO};e#]_g}S{|QyjAlO}yV<]U«©tFVe_e_V,Qgª
x5lneAQyR^]_VC\e|`nefzc\hmC<&zyº°±{VUT,VU};efjA\^`O]_`O§yV#zS`n}S]7V^]jA\^]_V^`Oacb±¢S`njAV^]7VeŁ}yVCxV^ace
¸
ayV]^¨ `OOjA`³¬VUj
zS`n}S]YV^]#VU}¬j_l}y}yVUT,V^}e|]#`Oz QSl{,]A`n}S]Ł¢S>«@?u}SV±]laceAl}µ§S`]
¸
ayV,`na²xyj_l§yRUT,VzyV`¯]g}S{|QSj_lOª
}S]A`£eAl}­{l}S]_]e_V^jA`Oºe <¯{U`n{aSV^jYV&zc\U`nkzyV&§laceª¼VU}cª¼§5lOaceCVU}{l}S]_zc\^jA`O};eYay}SV,]_VUaSV,VeTV^TV
QSlOjAlOVO«;MVfe_VUT,xS]7]_VUj|`CT&`nj
¸
ay\Z<ﬁ1¨ VU}¬OlVUeA<ﬁ`ﬁj_\<{V^xce_lO}dzyadxS`
¸
aSVe7VU}±jAVeAlOayj7zy`n}]sVŁTV^TV
}
RCaSz©«©pqs]^¨ `OOeY§SV^}]_ayjzca²eAVUT,xS]Cz©¨ ay}ﬂ`nV^jª¼jAVe_layj<
¸
ays]_VUj|`zc¬]\,xS`OjzcVUaybµxlayjClO§ye_VU}Sj
VeAVUT,xS]Yz©¨ ay}­`OVUjY]T,xyV«tFVeeAV
]_lOace_lO}­]ayxSxl;]VV^}S{lj_V
¸
aSVﬁVﬁeAVUT,xS]Yz©¨ `OVUjŁVeCzcVﬁjAVeAlOayj
]_lO};eu\^`naybI{V
¸
ay$}M¨ V<]heYxS`O]¥´lOj|{\UT,V^}eŁ`&{^`O]^«·ulOe_jAV`nxyxSj_lc{|QyV{UlO}S]_]e_VW<d`O{U{UayTﬁaSV^juV
zc\U`n
]A`naye7x`nju]A`naceVefzM¨ `Oace_jAV#xS`nj_eu{lO}]zc\UjAVUj
¸
ayVX
ACBEDGFIHKJML NO V#eAVUT,xS]uzcV]_VUjA¬{UVP Vzy\U`nMzcVCxyjAlOx`n`ne_lO}dzyVCM¬OV^jA]$m«
 clOaS]7>¨ Qgx5lne_QSR^]_V
¸
ayVCVzc\^`OMzcVCxyjAlOxS`O`£eAl}±V^]eu}y\^OV^`n§SVcVYe_V^T,xS]uzcV#eAjA`O}S]T,]_]_lO}ﬃzM¨ ay}
x`
¸
ayVe#z©¨ ay}µ}SRCaz ¬OV^jA]fay}µ}SRCaz&mŁzc\^xV^}Szcj|`neYaS}y
¸
ayV^T,VU};e#zya e_V^T,xS]
¸
aSV
VﬁxS`
¸
ayVe#xS`O]A]_V
zS`n}S]7VC}SRCaSzﬃ1«
i3`Ojs{l}S]\
¸
ayVU};e^2AQBRDMFIHSJTL N$UVAQBRDMFIHSJ GWYXRZ)F[DMDcm¬lO]}&zcV  
¸
a¨ l},`Oxyx5VUV^jA`#V@1zc\^`OSzca&}SRCaz 1£«
ﬀG\ ]V3^01=ﬂ01(243506#7!_8+:;(a`$b'c+:d35(<8+:e,Y#%!73^/5f%=6:g8+:g3h*ﬀ`:jilk$/5#%m8,Y(34i
Ãu¢S}zM¨ V<]heAT,VUj7VCzc\U`n©z©¨ ay}VU}MV^]'xS`
¸
aSVeA]7zcVC{UlO};e_j#UOV#vY? cZC;e_V^]'V^]7ours$?v xV^ay¬OV^}e
VUe_jAVŁaye_]\<]U«ItFVUx5VU}Szy`O};e^cVŁeAVUT,xS]zcVYeAjA`O}S]T,]_]_lO}ﬃzyV^]7xS`
¸
aSVeA]7zcV{UlO};e_j#UOV#vY? cZ9}yVC{lOjAjAV^]ª
x5lO}zCxS`O]?`nae_VUT,xS]zcVFe_j|`n}]T,]_]_l}zcVsx`
¸
ayVe|]$zyV'zcl}y}y\^V^]^«£tFV<{;V^]e?zca`naC¥¦`Oºe
¸
ayVsV^]$xS`
¸
ayVUeA]
nTo [@np
 
	ﬀﬁ
ﬂﬃ! "#	$&%')(* ,+.-  
vY? cZ]_lO};eCzcVehgxV,§yjAl`zy{U`]he<5{UlO};e_j|`nj_V^T,VU};eŁ`naybµxS`
¸
ayVUeA]#zcV,zclO}S}y\UV<]
¸
aS]_lO};eC]lay¬OV^};eYV^}
aS}y{^`O]e^«nrs}±O\^}y\Uj|`n>£1¨ `O{|QSVUT,}SVUT,VU};eFzcV<]3xS`
¸
aSVeA]kVU}&§yjAl`zy{U`]he3lOa&V^}&ay}y{U`]hekV<]he
¸
ayV^
¸
ayVx5VUa
zyº¹I\UjAVU};euVeŁxS`nj_e_{ayRUjAVUT,VU};ef]_ay¬£`O}eYvY? cZC«yrs} V¹IVe<MV<]xS`
¸
aSVeA]u§yj_l;`Ozy{^`O]e_\<]']_lO};euV^};¬l£gO\<]
`³¬V^{Fay}yV7OOaSV'`n¢S}zM¨ \^¬;e_V^jkz©¨ \U¬OV^};e_ayV^V^]3{UlO]lO}]$zcaSV^]<Ł`#]_g}S{|QyjAlO}y]_`ne_lO}ﬁzyV^]Qylj_lOV^]ﬀ4 6>«
tFVUeeAVﬁOOaSVﬁzcVU¬j|`neŁzcl}S{ VeAj_Vﬁxyj_]_VVU}µ{UlOT,xceAV
{U`OjuV
{U`]u\<{|Qy\^`O}e<SVeAVUT,xS]YzcVCe_j|`n}]T,]_]_l}
zyV^]CxS`
¸
ayVe|]CzcV±zclO}S}y\UV<]]V^jA`Oºe]_ayjAV^]e_T\«M`Hzc\<zcaS{e_lO}ﬂzcV&`¯OOayV&zy`O}S]#V±{^`n{ayFzcaﬂzc\U`n
}SVdjA\^]_lOaceﬁVdxSj_l§yR^T,V
¸
ayVdx`nj_e_VUV^TV^};e^«m?u}`Oace_jAV±¥¦`{ e_V^ayjﬁjAVU};eAj_VﬃVU}HmhV^azy`n}]ﬁVﬃ{^`O]ﬁzM¨ ay}
jA\^]_V^`Oa]_ayj|{|QS`njAO\<C]_`³¬lOj?V7e_V^T,xS]szcVjAVeAjA`O}S]_T]A]lO}M«£rs}±{U`O]szcVu{l]_lO}¯nV^]3xS`
¸
ayVe|]k]V^j_l};e
jAVeAjA`O}S]_T]3lOj|]
¸
aM¨ ]k]_lO};ekV^}±ay}y{U`]hesVUe']_lO};es]_T,xyVUT,VU};e'}ylOjA\^]k]^¨ ]s]_lO};ekVU}d§yj_l;`Ozy{^`O]e^£VUe'{V
]_VUlO}­`ﬃ}ylj_T,Vpqrkrkr O;c«WOWO«5fV&{UVﬁ¥¦`Oºe<©V<]#xS`
¸
ayVUeA]Y§yjAl`OzS{U`O]e_\<]f]_VUT
§yV^jA`OV^};eŁxyaS]#j|`nxyzcV^]
¸
ayVCV^]fxS`
¸
ayVUeA]uzyVﬁzclO}S}y\UV<]
¸
ay$]_VC¬OlV^}ef]_lOa]hª¼V^]e_T,VUjVUayj|]uzc\^`O1«.?f}yVT&`naS¬³`O]_VCV^]e_T&`£eAl}
zya²zc\^`Okx5lOayjAjA`Oºe#T,VU}yV^jW<¯zcV^]C{UlO}S]_\
¸
ayV^}S{V<]Ł}Szc\<]j|`n§yV^]^«Irk}V¹IVe^ay}yV±]_lOaS]ª>V<]heAT&`ne_lO}­zya
zy\U`nVUT,x?V^{|QyV^jA`Oºe#}S`£eAayjAVUV^TV^};e#zcV,]A`£e_]¥¦`nj_V
V<]Ł§5V^]_lO}S]#zcV,>¨ `Oxyxy{^`£e_lO}«5i3`OjY`OV^ayj|]UIay}yV
]_ayjAV^]e_T&`£e_lO}zcazc\^`OkVU};eAjA`}yV&aS}yV±]laS]CVUbxSlºe|`£e_lO}ﬂzcV<]CjAV^]A]layjA{UV^]#zcR<]CljA]
¸
aM¨ VUV±`O]A]_V
{Uj_ljAV
¸
aSVYVCjA\^]_V^`naﬃV^]ef{|QS`njAO\#`nlOj|]
¸
aM¨ ©}yVC>¨ V<]heuxSj_l§S`n§yVUT,V^}e7xS`]U«
ilOaSjV^],j|`n]_lO}S]
\U¬l
¸
ay\^V^]^}ylOaS]x5VU}S]_lO}]
¸
ayV¯`­¥¦`O»l}`µxSaS]&`zc\
¸
aS`ne_Vxlayj&V{^`n{ay
VU¹5V<{ eAº¥uzcaﬂzc\^`O3V^]e1¨ ace_]A`£eAl}zyV&xS`
¸
ayVUeA]CzcV±{UlO};e_j#UOV&zcV,ehgxV&ay}S{^`O]e^«Ãface_jAVUT,VU};e<MV&jA\ª
`nmhaS]e_VUT,V^}eszya,zy\U`nSzcV<]kxS`
¸
ayVe|]§yj_lczy{^`O]e_\<]V^]es}y\^{UV^]A]_`OjAV7zcVuT&`n}yRUjAVM<C{lj_jAV^]_xl}SzcjAV'`Oa,¬;j|`n
zy\U`nMzcV<]7xS`
¸
ayVUeA]uzcVCzcl}y}y\^V^]^«tFVeeAV`nxyxSj_lc{|QyVC]_VUj|`ﬁVUbxSlj_\^VYzy`O}S]7}ylOe_jAVYT,lczcR^V«

  H &  ©(  *)&+
tFl}eAjA`OjAVUT,V^}e`nacbxyjAlne_lc{UlOV^]ﬁzyVdjAlOace|`nOVdj_\<`O{ eAº¥¦]{l};e_j|`n}e|]CxS`Oj
Vﬃzc\^`O'zS`n}S]
V<]
¸
ayV^]
>¨ }c¥´lj_T&`ne_lO}]_ayj$VFzy\U`n ´lOaﬁ`
2
l; YO\^}y\Uj|`nVUT,V^}e IV^]elO§ceAVU}ayV*<f`ŁzcVUT&`n}zcVO<}ylOa]xyjAlOx5l]_lO}]
aS}yV VbeAVU}S]_l}xyjAl`O{e_¬OVHzca xSj_lOe_lc{lV­vY? cZC«7tFV^`]O}y¢SV
¸
ayV­1¨ }y¥´lOjAT,`ne_lO}zca¶zy\U`nŁzya
}
RCaSz ¦lOazca­VU}ﬀYzclºeﬃVeAj_V&zc]x5lO}S§yV,zy`n}S]C{|Q`
¸
ayVﬁ}
RCaSz­zya­jA\^]_V^`OaM«5Ãface_jAVUT,V^}ezce^M{O¨ V<]he
>¨ }c¥´lj_T&`ne_lO}­]_ayj1 >¨ \UeA`ne71
¸
aSzylOeﬃVUe_jAV
\U}y\^jA`O]_\UVx5lOayjC{UlOT,xyjAVU}SzcjAVV,zc\U`n3zca²}SRCaSzM«IV^]
e|`n§yV^]?zcV'j_laceA`OOV<]M]V^j_l};e?`nlOj|]M{UlO}S]e_jAaye_V^]?zcV7]ljeAV*<ulO¹5jAj?zcV<]jAlOaye_V^]?`³¬OV<{3V^]$TV^VUayj|]$zy\U`n]U«
Ãu¢S}±zcVjAVU}c¥´ljA{UVUj3{VT,lczcR^VO>¨ }c¥´lOjAT&`£eAl}{UlO}S{UVUjA}S`n};e3Vuzy\U`nSzcV`#jAlOaceAVu`O{ eA¬V]V^jA`YlO§ye_VU}ayV
zyVŁ¥¦`»l} 1j_\<`O{ eA¬V 1n;{ª¼`nª¼zﬃzcV^]7xS`
¸
ayVe|]7xS`nj_e_{ayVUj|]F¬lO};eu]V^j_¬jM<`Oxyx5lOj_e_VUj{UVeeAVC}y¥´lOjAT,`ne_lO}M«
ŁV#¥¦`O»UlO}ﬃ¥´lOjAT,VUVy
x`
¸
ayVe|]zcV{l};e_j#UOVY]_ayxyxy\UT,V^}e|`nj_V<]7]V^j_l}e};e_jAlzyayºe|]zy`n}]fvY$ cZ X
 ﬂ 	
	©ﬂ;¿

s¾MÁ 	yÂ ﬂÂ 	 

# ﬂ ³¿¦ ﬂ; ﬂI¿&FmhlOaSVaS}­j#UOV
]_T,`OjAV<{UVUaykzca²xS`£ª
¸
ayVeCPftŁlﬁ=µ>¨ }c¥´lj_T&`£eAl} ]aSjŁ>¨ \UeA`ne#zca­¬Ol]_}`nOVCV<]heYj_V^T,xy`{\^VﬁxS`OjŁ{V^V,zcaµzc\^`Ozya
}SRCaSz©«
 ﬂ 	
	©ﬂ;¿Cﬀﬂﬁ Y]_VUj_e <,{U`n{aSV^j'Vzc\^`OMzcVC`jAlOaceAVC`O{ eA¬VO«
 ﬂ 	
	©ﬂ;¿ﬃﬁ ﬁ!"ﬀ
#
ﬁ #`nxSxljeAVYVCzc\U`n${U`n{aS\#Oj'QO{UVY`Oaﬃx`
¸
ayVeisZuv 'r <`&]_lOayj|{V«
i\^j_lczc
¸
ayV^T,VU};e^I{|QS`
¸
ayV}SRCaSzµO\^}yRUjAVay}²xS`
¸
ayVUeY$uÃ {lO};eAVU}S`O}eY1¨ V^]e_T&`£eAl}­zcV,]l}µzc\^`O1«
P$lOaye3{UlOT,T,V7ay}
x`
¸
ayVekPftŁ£VxS`
¸
ayVUekuÃ ]_VUj|`f§yjAl`zy{U`]heA\F]_ayje_lace3V7jA\^]_V^`OaM³}S`£eAayj_V^VUT,V^}e
]_ay¬£`n};e'V^]7wHiFZu]U«uÃ ]VC{UlO}S]_zyRUjAVŁ{lT,TVYay}¯{lTxS\^TV^};ezyadxS`
¸
aSVeuPftŁVU}¯{V#]V^}S]'l>=
`
x5lOayj7j#UOVŁz©¨ }y¥´lOjATV^jseAlOaS]'V^]'}SRCaSzzcVY1¨ \e|`£e<;V^}deAVUjAT,VYzcV#zc\^`O1czca}SRCaSzdO\U}S\Uj|`£e_V^ayj<«;Ã9`
[[N\]S^;_O`'^
5    Y@  	 
B     
 >%
;	
jA\^{UVUxceAl} z©¨ ay}µxS`
¸
ayVeŁ$uÃIay}SVeA`O§yV
zcVzc\U`n´la \
¸
ay¬£`nVU};e uV^]eY{l}S]e_jAayºeAVOVUV{lO};eAV^}e
>¨ }c¥´lj_T&`ne_lO}ﬁzca,zc\^`O;zcVFe_laS]?V<]?}SRCaSzﬁzya
jA\^]_V^`OaM«^ŁR^]lOj|]U<`eA`O§yV'zcV'jAlOace|`nOV'`³¬OV<{szc\^`OY1Uuª
jAlOayeA`nV 17V<]he{U`O{Uay\UVfV^}daceA]_`O}e7>¨ `OlOjAºeAQyT,VŁzcV#f mc]heAjA`]_ayjFV#zc\U`n©zcV<]F}
RCaSzy]^«aS]
¸
ayVf <y
V#zc\U`nI\e|`ne'aS}y
¸
ayV^T,VU};eV^]e_T\cV<]'xS`
¸
ayVUeA]FisZuv Fr¤Ve L?rkrs 7Ãft ~¬lO};e']_VUjA¬jA<
{^`n{ayVUj
Vzc\U`nyzyV^]jAlOaceAV^]3`O{e_¬OV<]?`n¢S},zcVj_\<`nj`naS]A]_cjA`OxyzyVUT,VU};e
¸
aSVxl;]_]_§SV`naybﬁ{|QS`n}yVUT,VU};e|]?zS`n}S]
>¨ \eA`neuzca¯j_\<]V<`naMy{O¨ V<]he <,zcj_VCxyjAlOx5l]_VUjzcV#}ylay¬OV^V^]7jAlOaye_V^]^«
V
x`
¸
ayVe#ay}y{U`]he#isZuv 'r¶V<]heCVU}¬l£gO\ﬁzcV`ﬃ]_lOayj|{V<d`zcV^]e_}S`£eAl}µVUeYjAlOaceA\
x`njY`]layj|{VO«
 clO}j#UOVdV<]he&zcV¯zc\eAVUjAT,}yV^j
VHzc\U`n7zcV§laceª¼VU}yª>§5lOace&zcV¯` jAlOaceAV]_\UV^{e_lO}y}y\^VO«MV¯zc\U`nzcV
§5lOayeª¼VU}cª¼§laceu]V^jA`,{^`n{ay\CzcV#xyj_lc{|QyV#V^}xSj_lc{|QyVYxlayju\^¬;e_V^jV<]7QylOjAlOOV<]'}ylO}¯]g}S{|QSj_l}yV^]^«
?f}yVﬃ¥´lO]
V¯xS`
¸
ayVUeiFZv 'r `£eeAVU};e&]A`µzyV^]e_}S`£eAl}MVxS`
¸
ayVUeL?rkrF7Ãft  ]V^jA`µO\U}S\UjA\dVe
jAlOaye_\Ł]_ay¬£`n};e'V#{|QyVUT,}d};¬VUj|]VYzcadx`
¸
ayVe7isZuv 'ru«S l}dj#UOVfV^]ez©¨ `Oxyx5lOj_e_VUj'V^]'}y¥´lOjAT,`ne_lO}S]
{UlOV<{ eA\UV^]7x`nj7VCx`
¸
ayVeisZuv 'r <`,]_lOayj|{V«
Ã¶`j_\<{VUxye_lO}±zca)L?rkrF7Ãft ,;`]_lOaSjA{UVTVUe"<umhlOayjF`#e|`n§yVfzcaﬃzc\U`nVeF`#e|`n§yVŁzcVŁj_laceA`OOV«
V,}SRCaSz²{lO};eA}ayV<\UT,Ve_e_jAVaS}­xS`
¸
ayVeCisZuv 'r"x\^j_lczc
¸
ayV^T,VU};eCxV^}Szy`n};e
¸
ayV,`ﬃjAlOaceAVV<]he
`{ eA¬VO«`
xyj_lOjAe_\YV^]e7zcl}y}y\^VY`OadxS`
¸
aSVe L?rkrs 'Ãft  ]aSj'VYxS`
¸
ayVUe'isZuv 'r¤xlayj7`
T,]_V!<
mhlayjuzcV<]'eA`n§SV<]uzcVCzc\U`n>«
$ﬂﬁ  (2350 43506#%!j`$/5#, 3507:
Vfzc\U`n5zca&}SRCaSz,V<]he'{lO}]zc\UjA\{lTT,VuaS} 1 x5lOzy] 17`n¹5V<{ eA\f`na&}SRCaz©«tFlTT,V}ylaS]k>¨ `³¬OlO}]
xSj_\<]V^}eA\OI]Ve_VUT,xS]#zcV
e_j|`n}]T,]_]_l}µzcV<]Łx`
¸
ayVe|]#ours$?v ¬£`KVe_jAVace_]_\x5lOaSjYV,{U`n{aSzya
zy\U`n>Oay}&jA\^`nmhaS]heAVUT,VU};eF]^¨ lO§yVO«nrs}±j_\<`nºeA\OnVueAVUT,xS]FzcVueAjA`O}S]T,]_]_lO},z©¨ aS}±xS`
¸
ayVUeFzcVYzclO}y}S\UV^]
V<]he3\^`n`na
e_V^T,xS]3z©¨ `£eeAVU};e_Vz©¨ ay},]lne§yjAV`na
¸
ayV^lO}
`nmhlOaceAV7VFe_V^Tx]3zcV7j_VUe_j|`n}S]_T,]A]lO}ﬁVU},{U`O]
zyVŁ{l]lO}M« ay¬£`n};eF>¨ `OjA{|QSºeAV^{ eAayjAVupqrkrkr¤Oy«WW 4W<76I`#¥´l}S{ eAl}dzcaﬃ§S`O{ ln¹dV<]he'Vbcxl}yVU};eAV^VO
{UVU`µ]_}y¢SV
¸
aM¨ <µ{|QS`
¸
ayVd{l]lO}M?` jAVe_j|`n}]T,]_]_l}ﬂV^]ezc¹I\UjA\UVT< ay}*};e_V^j_¬£`OVdzclay§yVﬃV^}
lO}SOayV^ayjFzcVŁ1¨ `n}{VU}±};e_VUjA¬£`nV« clOe	
#Vue_V^T,xS]7z©¨ `neeAVU};e_VYz©¨ aS}ﬃ]_lOeF§yjAVuVUes`xSj_l§S`n§yºeA\
zyV#{UlO]_l}M«yMV#eAVUT,xS]zcV#eAjA`O}S]T,]_]_lO}ﬃzM¨ ay}¯xS`
¸
ayVefzcVCzcl}y}y\^V^]7x5VUaceŁ]^¨ \^{jAj_VX

U
ﬀﬁﬃﬂ

tFVUeeAV#¥´lOjATﬁayV#j_\<{ayj|]¬OVŁxV^aceŁ]^¨ \<{jAjAV#zcV#¥¦`O»UlO}ºeA\Uj|`£e_¬OV#{lT,TV]_aye X
U 
ﬀ!"ﬂ
ﬀ#%$&
ﬀ!'(
)+*,*-*,*-*./
®keA`n};edzcl}y}y\
¸
ayVH`­xSj_l§S`n§yºeA\¯zyV¯{UlO]_l}0,}yV zc\^xS`O]A]VxS`]±&1£Sk`naceAj_V^T,VU};e&V¯V^}¤V<]he
{UlO}S]_zc\UjA\{UlOT,T,V&xV^jAzyaM{VUeeAV,¥´lOjATﬁayV,j_\<{ayj|]¬OV,]^¨ `Oj_j#VeAV<¯`¯]V^xce_RUT,V&e_\Uj|`£eAl}M«MMV,eAVUT,xS]
zM¨ `nee_V^};e_Vz©¨ ay}H]lne§Sj_VC]^¨ \<{jAºe X

 U32
DGX546 F87
9:<;
lﬁ=
;
V^]ek`#xSj_lxljeAl}y}S`ne_\7zcV`#§`n}SzcVx`O]A]_`O}eAVFaye_]\^VO«&
fx5VUaceF{UlOjAj_V<]x5lO}zcj_V7`naeAVUT,xS]kzcV
eAjA`O}S]_T]A]lO},z©¨ ay}±xS`
¸
aSVesourF?v <Cx`nj_e_jszca&T,lOT,VU};eslﬁ=,Vfofrsv¶}M¨ V<]heFxS`O]3jAVeAjA`O}S]_T]3V^}
{^`O]7zcV{UlO]lO}«V#j_\<`£mhaS]e_V^TV^};e{UlO}S]_]heAVYzcl}S{ﬃ<jA`nmhlOaceAVUj7VCzcV^acbcR^T,VŁeAVUjAT,VzcV#`xyjAVUT,RUjAV
\
¸
aS`£eAl} =ﬀ>?ﬃﬂ
 ,`OaeAVUT,xS]±zyV¯e_j|`n}S]_T,]A]lO}¤z©¨ ay} xS`
¸
ayVUe&ofrsv
«s`²xyjAlO§`n§ye_\HzcV
{UlO]_l}
x5VUaceﬀVe_jAVf`OxyxyjAl{|QS\UV7xS`nj3Ve|`nacb,zcV^] 1Uours$?vfª>¥¦`naSj_V.1£n{VUeeAVuT,V^]_ayj_V7V<]heFzy\hmC<Czcl}y}y\UV
nTo [@np
 
	ﬀﬁ
ﬂﬃ! "#	$&%')(* ,+.- 9
x`njŁvY$ yZC«vŁa]_TxSV^TV^};ef{U`n{aS\^V#`Oaﬃ}S¬V^`na¯zcVC`,{lOa{|QyVCw ÃftŁ«
$`T&`n}yRUjAV
¸
ayV }ylaS]&xyjAlOx5l]_lO}]&xlayj±>¨ V<]heAT&`ne_lO} zca¶zy\U`nuV<]he¯`O]A]V HxV^jeA}yV^};e_VO'{U`Oj±VUV
T,lczc\^]VﬁVﬁzy\U`n$zyV^]ux`
¸
ayVe|]fzcV
zclO}y}S\UV^]fzcV¥¦`»lO}¯xyjA\^{U]_VCeAlOacefV^}¯e_jA`O};efxyjAln¢yeŁzyV^]uT,V<]ayjAV^]
]_ayj'V<]sx`
¸
ayVe|]FzyVY{UlO};e_j#UOVYvY$ yZ x5lOayj7`nxyxSj_lc{|QyV^jF{VUeeAVŁV<]heAT&`£eAl}M«f\<]lj_T&`n]^OVYzc\^`O5zM¨ ay}
}
RCaSzCHFxV^ace VeAj_VC{^`n{ay\CzcVC`T&`n}SR^j_VC]_ay¬£`O}eAVX
ACBEDGF  J U	 4
) 
lﬁ=	 4sV<]heVC}ylOT
§yjAV#zyVYx`
¸
ayVe|]zcVzcl}y}y\UV<]zy`n}]7`
¢SVO«
$G\  (2350 43506#%!j/@:;=1=6:
V&xS`
¸
ayVUe#iFZv 'r"V^]eCace_]_\&xlayj{U`O{UayVUjCV,zy\U`nkzcV&§5lOace_ª>V^}cª¼§laceCVU};e_jAV,`¯]_lOayj|{V,Ve
`²zcV^]e_}S`£eAl}M«kMVHzc\^`Ou{U`O{Uay\¯xS`Oj,V¯xS`
¸
aSVe&isZuv 'r V<]he±]_ayxyx5l]_\¯{UlOjAj_V<]x5lO}zcj_Vﬃ`na zc\U`n
zyV^]xS`
¸
ayVUeA]zcV¯zclO}y}S\UV^]^«ilOayj,{V?7¥¦`nayexyjAVU}zcj_VﬃV¯]_lO}S],z©¨ `{|QyVUT,}yVUjVﬃxS`
¸
ayVe,isZuv 'r
zS`n}S]ﬁV<]TVUT,V^]ﬁ¢SV^]
z©¨ `neeAVU};e_V
¸
aSVdzcV^]ﬁxS`
¸
ayVUeA]
zcVﬃzcl}y}y\^V^]^«$ŁVdxyaS]^FV<]he<H}ylneAVUj
¸
aSV±V
x`
¸
ayVekiFZv 'rﬂV<]hesV^}¬Ol£gO\'VU}&aS}y{^`O]e^n}SlOaS]k`³¬lO}S]T,l}eAj_\xSaS]kQS`naceFV<]3xyjAlO§yRUT,V^]kVU}yVU}SzcjA\^]
x`nj&>¨ aceA]_`ne_lO}zcV^]±xS`
¸
ayVUeA]±zcV¯ehgx5V^]&§Sj_l;`Ozy{^`O]e&zS`n}S],>¨ V<]heAT&`ne_lO}zca zc\^`O«sMV zy\U`nfzcV
§5lOayeª¼VU}cª¼§laceV^]ef`nlOj|]7{U`n{aS\CzcVCxyjAlc{|QyVYVU}¯xyjAl{|QSV
AQBRDMF 
L 
U
J

L ﬀ
AQBRDMF 
J
Ã9{|QS`
¸
ayVŁxS`O]A]A`nOVuzyadxS`
¸
aSVeFiFZv 'rx`nj'ay}±}SRCaSzM{UVŁzcV^j_}SV^jF{U`O{UayVfVe7VU}Sj_V^O]heAj_VVfeAVUT,xS]
zyV&e_j|`n}S]_T,]A]_l}M«MÃuxyjAR^]ﬁ`³¬OlOj]^¨ `]_]_ayjAVUj
¸
ayV±V&xS`
¸
ayVUe
`ne\eA\d{lTxSRUe_VUT,V^}ezc\U¬jA\O{O¨ V<]he@<
zyjAVZ<
`ﬁj_\<{V^xce_lO}dzyaﬃxS`
¸
ayVe7z©¨ `{
¸
ayeeAVUT,VU};e^VYzy\U`nIV^]e'¬£`OzcVO«MVY}SRCaSzﬃ]layj|{VO`na]_]_§SV^}
¸
ayVV^]s}SRCaSzy]k};e_V^j_T,\<zc`OjAV^]x5VUaS¬OVU};eF{^`n{ayVUj3Vfzc\^`O
<#`CzcV^]e_}S`£eAl}&VU}&]_lOT,T&`n};ekV<]szc\^`O]
V^}yjAVUO]e_jA\^]7zcV#xyjAl{|QSVYV^}¯xyj_lc{|QyVYVef`Oxyx5lOj_e_\^]7x`nj7VCx`
¸
ayVe L?rkrs 7Ãft ,«
ﬁ
ﬀﬂﬂ ﬁﬀﬂﬀ
aS]
¸
aSV<SS}ylaS]f`³¬lO}S]f]ayxSxl;]\
¸
ayV AQBRDMFIH
J
U AQBRDGF2H
JML N
ﬃdmu¬lO]}HzcVﬁ  «IŁ`O}S]f{UVe_e_Vﬁx`nj_e_V
}SlOaS]V<]_]A`³gOl}S]7zcVj|`£°&}yV^j}ylneAj_VCT,lczcRUVV^}¯zyº¹I\UjAVU}S{U`O};efVzy\U`nMxS`Oju¬Ol]_}M«yrk}HxS`OjeA{UayV^juV
x`nj|`nT,ReAj_V)ﬀ ´xyjAlO§`n§ye_\zyVﬁ{l]_lO}ﬀ
¸
ay$xV^acef¬£`njAV^jf]_VU}S]_§SV^TV^};efz©¨ aS} ¬Ol]_}T<&ay} `Oace_jAVO«
i3`Oj3VbcVUT,xyVOO]_ay¬£`n};ek1¨ \UlOO}SVUT,VU};ekzca&¬Ol]_}M£`#xSj_l§S`n§yºeA\7zyVu{lO]_l}
V<]hekxSaS]kxVUe_e_Vf]_y>¨ l}
]^¨ `OzcjAV^]A]V <ﬁay}±¬lO]}±xyaS]Fxyj_lc{|QyV« sV<]he7`nlOj|]3¥´l}S{ eAl}dzca±¬lO]}M«VfxS`
¸
ayVe7uÃ9VU}¬Ol£g\xS`nj
aS}±}SRCaSzd¬³`
{l}eAVU}yjs`]heAVYzcV<] 

zcVŁ]_V^]F¬Ol]_}]U«;Ã¶`CjA\^{V^xce_lO}ﬃz©¨ aS}dxS`
¸
aSVe'$uÃVf}SRCaz
V<]he#{U`OxS`n§yV
zyV{^`n{ayVUjYV,zc\^`O$T,l£gOV^}
¸
ayVﬁx5VUaye#xSj_V^}SzcjAVﬁay}­xS`
¸
ayVUeYz©¨ ay}µ}
RCaSz <day}²`Oace_jAVO«
$`&jAlOaceAV`³¬OV^{#V
zy\U`nVxyaS]Y{layjeuV<]he#`nlOj|]7¥¦`O{UVUT,V^}eŁlO§ceAVU}ayVV^} `nxyxy
¸
a`n};ef>¨ `OlOjAºeAQyT,V
zyVŁ m]$;e_j|`d]_ayjYV<]ŁVU}S]^«Ipq$V<]he#xyjAlO§S`O§yV^T,VU};eŁxyaS]Y}eA\UjAV^]A]V^};eŁzcV,{lO}]zc\UjAVUjŁ`ﬃ¬OV^jA]_lO} 1|¥´aS
}ﬃ]eA`ne_V 1#zyVvY$ cZSzy`n}]`
¸
ayVUVC`,xS`
¸
aSVeŁPft }ylneAº¢V1¨ \e|`£efzcV<]uV^}S]uzcVe_lOa]u]V<]¬Ol]_}S]U«
Ãf}]s¥´VUj|`ﬃV±xS`
¸
ayVeﬁ$uÃ `³¬OV<{V±x`nj|`nT,ReAj_V ﬀU«$Y`n}]{Vd{^`O]^M`¯j_lace_V±`³¬V^{V&xSaS]ﬁxyjAl{|QSV
[[N\]S^;_O`'^
    Y@  	 
B     
 >%
;	
¬lO]} ¦`,xSaS]uxVUe_e_VC¬£`nVUayjuzyVﬀ'xV^ace VeAj_VC]_\UV^{e_lO}y}y\^VO«
V xyaS]d{UlOayj_eﬃzc\^`OfT,l£gOV^}MkTVUT,Vµ]^¨ Y]U¨ `nºeﬃzyaxS`nj|`nT,ReAj_VHV xyaS]{lTT
ay}y\^TV^};edace_]_\O
}¨ V<]heux5VUaceZVe_jAV#xS`O]uVCT,l£gOV^}dVCxyaS]u{l}¬OVU}`n§yV#xlayj`,jAV^{|QSVUj|{|QyVYzyVCj_lace_V<]U«crk}H\U}y\^jA`O1l}
{|QSVUj|{|QyVŁ`xyjAlO§S`O§ye_\
¸
aSVCVCzc\^`O  zc\^xS`O]A]V#ay}¯]_VUayMzclO}S}y\  "  «i?layju{V^je|`n}yV^]
`Oxyxy{^`£eAl}S]#e_V^T,xS]ﬁjA\UV^1{VdxS`nj|`nT,ReAj_V&V<]he,z©¨ ay}yVdjA`O}SzcV&T,xlje|`n}S{UVO«Ł`O}S]`¯e_j|`n}]T,]_]_l}
¬zc\Ul?{UVﬃx`nj|`nT,ReAj_V±V<]he&zc\Ue_VUjAT,}S\ﬃxS`Oj
`µeA`nVzca*§Sac¹5V^j&z©¨ V^};e_jA\UVﬃ{|QSVdVj_\<{VUxye_VUaSj^«Ã¢S}
zyV{U`n{aSV^jay}yV#e_V^VCxyjAlO§S`O§ye_\c$V^]eu}Szy]_xV^}S]A`n§yVCzcV{l}y}S` e_jAV#`P1Uzc]heAj_§yaceAl}zca zy\U`n$1
zS`n}S]u{|Q`
¸
ayVC}SRCaSz¯VUefxS`]ay}y
¸
ayVUT,VU};ef`&T,l£gOV^}y}yV«S`,xyjAlO§`n§ye_\zyVﬁzc]heAj_§yaceAl}HxV^ace VeAj_V
VUbcxyj_T,\UV'xS`nj?V'§S`O]z©¨ ay}¬OV^{e_V^ayj3z©¨ \<{|QS`n};eAl}S]^^la
zc\^j_¬O\^V'zcV{UVUj_eA`n}S]$xS`nj|`nT,RUe_jAV^]$§S`O]_
¸
ayV<]U«
 cf>¨ l} {lO}S}S` edVSacb VU};e_j|`n};edzy`O}S]±V §yay¹5V^jzca}
RCaSz Ve¯]Ł1¨ lO}]_ayxyx5l]_V
¸
aM¨ #]U¨ `nºedzcV
1xl]A]_lO}1ﬁ`³¬OV^{zcV<]feAVUT,xS]zyV,]_VUjA¬{UV^]Y}Szc\Ux5VU}zy`n};eA]^©lO}²x5lOayjAjA`Oºe#\U¬£`OayV^j#`¯zc]heAj_§yaceAl}²zya
zy\U`nyzy`O}S]3V}SRCaSz©«OY`n}]k{V{U`]UMV7xS`
¸
ayVUesuÃzylOes{lO};eAVU}yj31¨ \U¬£`OaS`ne_lO}&zca,¬OlaSTV7T,l£gOV^}
zya	acbdVU};eAjA`O}e<«y]lºe
W J 
5U B

`HeAjA`O}S]¥´lOjAT\^V±zcV¯`nxS`{Vªq]e_VU mhV^]ﬁzyVd`µzc]heAj_§yaceAl}zca¤zc\U`n JŁVbcx5\UjAT,V^}eA\ﬃ`Oa}SRCaSz H|«
 clO} ]_ayxyx5l]_V
¸
ayVV^]Łzc\U`n]u]_lO};ef}Szc\^xV^}Szy`n};e|]fz©¨ ay} }SRCaz <&ay} `naye_jAVO`OljA]u`eAjA`O}S]h¥´lj_T,\^V
$`nxy`O{UVªq]heAV^ mhV<]&zcV `ﬂzc]heAj_§yaceAl} zca zc\U`n  VUbcx\^j_T,VU};e_\HxS`Oj±ay}xS`
¸
ayVeﬃ]_ayj±aS}yV jAlOaceAV
zylO}y}y\^VŁV<]he7\U;`nVŁ`Oa±xyjAlzyayºeuzcV<]Fe_j|`n}S]¥´lOjAT,\UV^]FzcV#`nxS`{Vªq]e_VU mhV^]'zcV^]7zc]heAj_§yaceAl}S]7zcV^]7zc\^`O]
VUbcxyj_T,\^]]_ayju{|QS`
¸
aSVŁ}SRCazzyVC`jAlOaceAVX
 B



U 
Jﬁﬀﬂ
ﬃ
W)Jﬁ
5
wµ`nQyVUayjAVUa]V^TV^};e^O5}M¨ VUbc]e_VŁxS`O]'zcVf¬£`Oj_`n};e_VŁzcVf>¨ `OlOjAºeAQyT,VuzcV#f mc]heAjA`
¸
ayI{U`O{UayVf`jAlOaceAV
`³¬V^{C`&xyaS]Yx5Ve_e_VxyjAlO§S`O§ye_\  ﬃ   V^}µ`³g`O}eŁ`±¥´lO}S{e_lO} W)J«5ŁV
e_lOaye_V¥¦`»l}M?Vbc]e_V
aS}yV`nxyxSj_l³bcT,`ne_lO}
 ﬃ"!#  %$ B'& (

¸
ay?]V^Tﬁ§yV@VUe_jAV¬jA`OV
zy`n}S]f`±xyaSxS`nj_eŁzcV<]Ł{^`O]^SxS`OjeA{UayRUjAVUT,V^}e
¸
a`n}Sz  ﬃ)*  f]VjA\^zyayºe
x5lOg}ylOT,`nVUT,VU};eu`³¬OV<{ŁP#«crs}aye_]_`O};ef{Ve_e_V`OxyxyjAl³bT&`£eAl}MaS}¯`OlOjAºeAQyT,VYzyVf mc]heAjA`x5VUace
VUe_jAV#ace_]_\Cxyay]
¸
ayVX
 ﬃ"!#  %$ 
Jﬁﬀﬂ
ﬃ
W)J/
9
 

{UlOT,T,Vﬁ]_V^]
¸
aS`O};e_e_\^]W
J
,+
-
3mhlOaS`OV^};euV
jUVzca¯e|`nacbHzcV
xV^jeAV^] ¦lOa¯¥¦`{ e_V^ayjŁzyVj_]
¸
aSV 'VeYV
xSj_lczcayeuzcVU¬j|`neMVe_jAV#T&`£bcT,]\«
tFV<]}ylOaS¬OVUV^]3{l}S]_zc\^jA`ne_lO}S]?]_lO};ek};eAVUjAj_V<]_]_VU};e_V<]U<V^]3jAlOaceAV^]lxce_T&`nV^]x5VUay¬VU};e3¬³`Oj_VUjkzyVF¥¦`»l}
]_O}y¢{U`ne_¬OV<]
¸
aS`O}Sz	 9¬£`njAVYVUef]©VDMX/.5W)J 
+
-
s}SVC¬³`Oj_V#xS`O]7xSj_lxljeAl}y}yVUVUT,VU};e^«
0
%FﬀU
Y`n}S]'{VŁjA`Oxyx5lOj_eFzcVfjAV^{|QSVUj|{|QyVOn}SlOaS]F`³¬OlO}]kxyjAlOx5l]_\ay}dT,lczcR^Vf`O}S`ng;e_
¸
ayVfx5lOayjFVY]aSxyxlje
zyV
`d{UlO};e_j|`n};e_Vﬁzca²zc\U`n3zy`O}S]ŁVxyjAlne_lc{UlOVvY$ cZ~xlayjC]_`ne_]h¥¦`OjAVV^]Y§V<]l}]Łz©¨ `nxSxy{U`ne_lO}S]
nTo [@np
 
	ﬀﬁ
ﬂﬃ! "#	$&%')(* ,+.- 
eAVUT,xS]ª>jA\UV^1«£s¨ VUb;eAVU}S]_lO}
¸
aSVF}ylaS]xyjAlOx5l]_lO}S]$V^]ekzcV7}S`£eAayjAV'xSj_l;`O{ eA¬VO<VU},z©¨ `naceAj_V'e_V^j_T,V{|QS`
¸
aSV
}
RCaSz±{l}y}S`esVŁzy\U`nIzcVf§5lOace_ª>V^}cª¼§laceF¬VUj|]k}M¨ T,x5lOj_e_V
¸
aSVUVYzcV^]e_}S`£eAl}±VeA<}M¨ Tx5lOj_e_V
¸
ayVU
T,lTV^};e^«k®3e|`n};edzcl}y}y\H`²zyº°±{aSºeA\µzca j_laceA`OOV¯{l}eAjA`O};e&xS`Oj&V zc\^`O13}SlOaS]±`³¬lO}S]
¥´lc{U`O]_\
zS`n}S]&{UVﬃeAjA`³¬£`Ou]_ayj&V^],T,\eAQylczcV^]&zcV {^`n{ayuzya zy\U`n>«kÃu}S]>k}ylaS]&`³¬Ol}S]xyjA\^]_VU};e_\
¸
ayVU
¸
ayV^]
jARUV<]kx5VUj_e_}yVU};eAV^]'xlayj7VY{U`O{UayIVe71¨ V^]e_T&`£e_lO}zcaﬃzy\U`n>«;Y`n}S]'`
zyVUjA}yR^j_VfxS`nj_e_VOay}ﬃTlczcR^V
xSaS]ﬃj|`£°&}y\­`\eA\µxyjAlOx5l]_\O7zy`n}]dV
¸
ayV^ŁV­zc\^`OŁV<]heHzc¹5\^j_V^}S{\µx`nj¬OlO]_}M«tFVe_e_VzcVUjA}yRUjAV
{UlO}S]_zc\Uj|`£eAl}djA\Ux5lO}SzzcV#¥¦`O»UlO}xyaS]7V°±{U`{VC`naybd¬jA`O]7§5V^]_lO}S]z©¨ `nxyxS{U`ne_lO}ﬃe_VUT,xS]ª¼j_\^VU>«
+  £7ﬃ%'
4W;6P#«tF`naS]_VU}ci?«`{
¸
ayVe<yÃ«S$`nlayºeA1ci«Sw ayQyVe_Q`nVUj<y`y«
2
`³ggayT `n}Szk«ŁV^}y}ylOeWXAvŁxceAºª
T,UV^z¯} ;eA`ne_VZlace_}y,ikjAlne_lc{UlO|pqrkrkrph·ŁwHp_t9nOSWO«i3`]he|`n}M«
4 76Ãﬁ«F`OlOaye_>si«'wHayQyVeAQS`nVUj<FÃﬁ«F·f`nmhzMsru«'ik`Oll XG1U TﬁaS`ne_lO}jAV^]_ayºe|]&ln¥#eAQyV²vY$ yZ
Zlace_}yCikjAlneAlc{lO¥´lj	jAVUV^]A]3·uVUeFlj$31nSwHV^zyºeAVUjAjA`O}yV^`O}
²lOj]_Qylx
l},Ãzcª¼ofl{·fVe'lOjc]
1wHV^zª¼Qylc{ ny«p¼e|`ngO«
4 6
tŁ« ru«yiVUj}]`n}Szru« wﬂ«SZl£gVUjﬃX 1ÃzQylc{vŁ}cªqfV^T&`n}Sz¯Ł]eA`O}S{V3V^{e_ljuZlOaceA}S 1£pqrkrkr
²lOjc]Qylxdl}¯w lO§yVﬁtFlTxSace_}y± gc]heAVUT&]u`O}SzﬃÃfxyxy{^`£eAl}S]  w­t7 yÃ  $W^Oy«
4 6
tŁ« ru«SiV^j$}S]f`O}Szi?«Y'QS`n '`ne X 1UouOQyg¯zcg}S`nT,{CzcV^]e_}S`£eAl}cªq]V
¸
aSVU}S{UV^z¯zc]he|`n}S{UVª¼¬OV^{e_lj
jAlOaceA}Sﬀ¦# c F¥´lOj7T,lO§yV#{UlOT,xyaceAVUj|] 1n$pq}xyjAlc{VUV<zc}y]'ln¥Ãft'w  cptvYw wﬂ¨ nSci©ÃYrF 
Onnªh£S VUxceAVUT
§V^jW^nS«clO}Szcl} ?  ,«
4  76
«@Y«MOlQy}S]_lO}­`O}Szµ
«Ãﬁ«Mw `ne$TX 1Łg;}`nT,{, layjA{UVZulOaceA}y¯}²Ãz²oulc{j_V^V<]_]#·uVUeª
'lOjc] 1nCpqrkrkr­lj$c]_QylOxµlO}wHlO§yV&tFlTxSace_}y  gc]heAVUT&]C`n}zµÃuxSxy{U`ne_lO}S]  w­t7 cÃ  
W<OOS«
4 56ﬁ I«nVUV7`n}Sz
Ã«nP#«t'`OTxS§V^YX 1 ph·Y p#·uphÃ X£pq}cª¼§S`O}
]_}S`n}yY]ayxSxlje?¥´lOj
2
l; }T,lO§yV'`z
Qylc{Y}yVUeFlj$c]71£MikjAlc{n«clO¥e_QSV  ³e_Qpq};e_>«­lj$c]_QylOxﬃlO}wHlO§yV#w ayºeAT,V<zc`dtFlT,Tﬁay}y{U`ne_lO}M
W<OOS«
4 9 6ﬁ I«©tFQyVU} `O}Sz  ,« ·Ł`nQyj|]e_V^zceWX	_Ł]e_jA§Sace_V<z
¸
a`nºehg;ª¼ln¥ ªq]V^j_¬{VYj_lace_}y&} `OzQylc{C}yVUeFlj$c]O
pqrkrsr lOayjA}S`OMlO}­ cVUV^{ eAV^z­ÃujAV^`O]f}tFlOT,Tﬁay}S{^`£e_lO}]UI]x5V^{U`O]_]_ayV
lO}j_V^V<]_]YÃz ofl{
·fVe'lOj]^IW79¦ ZX©W^OnªAW  n cSW<Oy«
4 6
tŁ« ZC«S} XAvŁ}yª¼ŁVUT&`n}z
2
l ±jAlOaceA}S}¯Tﬁaye_QylxﬃT,lO§SVC}yVe'lOjc] 1npq}c¥´lc{UlOT¯nyW«
4 6ZC« k«$tFQay}SQ;aS}y`O}Szµs«M`O}yªq QS}y X
2
l; Hj_lace_}y}`Oz­Qylc{ jAVUV^]A]Ł}SVe'lOj]O#pqrkrkr
lOayjA}S`O5l}¯ cVUV^{ eAV^z¯ÃujAV^`]7} tFlOT,T
ay}y{U`£eAl}S]^©W^Oy«
4W^6YpqrsrkrO;c«WOW­]eA`O}Szy`OjAz©«j_V^V<]_]H$Ãf· wHV<zcayT Ã{U{UV^]A]µtFlO};e_jAlO ¦wµÃftd`O}Sz ikQg]_{U`n
$`³gOVUj ´iFo ]x5V^{Uº¢5{U`£eAl}S]^«?ay}yV&W<O 9
4WOW6#«57`nj|`O]F`n}Szﬃo«ywHV^Qe|`)X_Ã¶isj_l§S`n§y]e_{frsTV^j_VU};eZlOaceA}SÃflOjAºeAQyT ¥´lOjwHl§yV#Ãz
Qylc{u·fVe'lOjc]O vŁxye^¨ OX;wHlczcVU}Sﬁ`n}SzvŁxce_T, <`£e_lO}&}±wHl§yVO;Ãz±oulc{u`O}Szj_V^V<]_]
·fVe'lOj]^ynOy« LSjA`O}S{V«
[[N\]S^;_O`'^
Unité de recherche INRIA Rocquencourt
Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot-St-Martin (France)
Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)
  	


  
ISSN 0249-6399
